Glycosylation of human protein C affects its secretion, processing, functional activities, and activation by thrombin.
Human protein C (HPC) is an antithrombotic serine protease that circulates in the plasma as several glycoforms. To examine the role of glycosylation in the function of this protein, we singly eliminated each of the four potential N-linked glycosylation sites by site-directed mutagenesis of Asn to Gln at amino acid positions 97, 248, and 313 (HPC derivatives Q097, Q248, and Q313) or at the unusual consensus sequence Asn-X-Cys at 329 (HPC derivative Q329). The cDNAs for wild type and each derivative were inserted into expression vectors and expressed both transiently and stably in human 293 and hamster AV12-664 cells. We demonstrate that N-linked glycosylation at position 97 in the light chain of HPC is critical for efficient secretion and affects the degree of core glycosylation at Asn-329. Glycosylation at position 248 affects the intracellular processing of the internal Lys-Arg (KR) KR cleavage site, and partial glycosylation at the sequence Asn-329-X-Cys is responsible for the natural alpha-glycoform. Altering the glycosylation pattern of the protein had no significant effect on the level of fully gamma-carboxylated HPC secreted from the 293 cell line. However, elimination of glycosylation sites in the heavy chain resulted in a 2- to 3-fold increase in anticoagulant activity. Utilizing synthetic substrate, both the Km and kcat were affected, depending on the specific glycosylation site eliminated. However, there were no significant differences in the inhibition kinetics by alpha-1-antitrypsin (association rate constants of 10-11 M-1s-1 and t1/2 of 27-29 min at 40 microM alpha-1-antitrypsin) or t1/2 in human plasma (17-18 min). A comparison of the rate of activation of each derivative by thrombin alone or in complex with thrombomodulin revealed that Q313 was activated approximately 2.5-fold faster than wt HPC, independent of calcium concentration. This increase in rate was due to an enhanced affinity of thrombin-thrombomodulin for Q313, as indicated by a 3-fold reduction in Km. Overall, our studies demonstrate that glycosylation at different sites in HPC affects distinct properties of this complex protein. Furthermore, we demonstrate the ability to improve the catalytic efficiency of this enzyme through carbohydrate modifications.